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Outline

Nonleptonic B decays (CKM)

Weak operators
Four-point functions on the lattice

Starting points:
Chiral Perturbation Theory

Resonance contribution
Hard pion ChPT
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On the lattice, define
a reduced ratio:
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can give insight into 7
(HFAG, arXiv:1010.1589)
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Hope:
Determination of the real part
of these amplitudes to |5-20% [~5 years?]
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Weak operators

Maiani- Testa theorem
<O\7TDOweakB | O>

4pt functions only yields real part (no strong phase)

Can be circumvented

(Lellouch-Luscher, RBC/UKQCD)
K — 27w
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Heavy-light meson ChPT

2
Lo = %Tr (9,50"5T) + i,uszr (MS+ M) @l X — L2 R, where L € SU(3)p, and R € SU(3)g

HL fields with anti-quark
HL fields with quark

o=vVE = [EHLJ = —1 Tr(ﬁHv-ﬁ) + gx Tr(ﬁH’y“’yg)Au)]
o(z) = Lo(z) Ul(z) = U(z) o(z) R
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Heavy-light meson ChPT

Chiral-level Weak operators:

b — c operators

Opi=»_ {Oél,a:TI’D KUlkﬁS?k) SIS (Hﬁb}aﬂ)} + ag,, Trp [(UlkH( % )F2_ } Trp, [_xrl <H(b> )]}

x

b — ¢ operators

Oy = 3 {@aTen (20 (ol ) 2oy (HY ol )| + @ooTen (240 (H ol )| Tro [2ary (6] [
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Heavy-light meson ChPT

-+ ﬂw/u — (B1 + B2) vM] ( 1/€Vu,(k)f)

+ [(B1 — Ba2) o™ — Bro] ((, P >T) ( “(0) T)
| (
48— B+ A o] [ (o) (V7 “’)“az* )]

o)l [(onPt?") (Pe]))]

81+ (B1 + B2) (v

Pt

By + By (v - v)] [(73,2 )Ta,il) <77l(b)a;f.)}
}

- :Bzv’“ — (Bl + 55) vH — 53(?1 -v)vH (Pl(f )Tg;rfl) (V:flb)al];)}
+ By — Fyot] [(V (e >T0k1) (p(w )}
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Leading order

<DOK_|OX,S|B_> — <DO7T_’Ox,d|B_> =

(D710,.s|B7) .

S _ —0 _ — _ 1
<D K |OX,S|B >: <D T |O><,d‘B >: ?

similar expressions for K — 27
[Bernard et al, PRD32 2343}

P V4
~ Can also include resonances: S
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Of course here the physical point has

pW:pDzzGev

Not appropriate for chiral expansion unless
one takes the unphysical point

mp ~ 1MmMp

But then we're far from the point of interest.

How to go beyond tree-level?
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Beyond tree-level:

Hard-pion ChPT (HPChPT)

Exploit the fact that hard scales
can be absorbed into LEC’s

Flynn & Sachrajda, Nucl.Phys. B812, 64 K3
Bijnens & Celis, Phys.Lett. B680,466 K — 27
Bijnens & Jemos, Nucl.Phys. B840,54 B — «
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HPChPT
In the SU(2) chiral theory,
we have the generic one-loop form

tree-level amplitude

a and L are LEC’s that depend on the hard scales

<X 2 yt’\ THE JESUIT UNIVERSITY OF NEW YORK

\v'_‘

Sunday, May 13, 2012




HPChPT example

<DO7T_\(’)X,d\B_>tree / dy i i - (L — pr)
i (2m)¢ 42 —m2 +iev' - (L —k —pr) — A +ic
<DO7T_‘OX,d‘B_>treeI
8 Y

[ =

1 vk + A m
[ T /' k T A . - 21 —7T
167T2f2 |: (k-l—pw)—l—A—er 2(m y U ( _I_p )‘l_ —|—7,6) m7r H(Ag)ﬂ
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1 vk + A

L(mg,v'-(k+pr) + A +i€) —mZIn (%)}

| =
1672 f2 [v’-(k + D) + A+ e

in the limit v’ - & > m..

2
Ig(mw,fu’.(k ‘|‘p7r) -+ A) > —m?r In <%>

Inject momentum into weak vertex so that...
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Both a and L have unknown dependence on
kinematics, but pion mass dependence is known.
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Conclusion

Problem is far from solved

Need full one-loop calculation

Need lattice calculations (takers?)

Key: Feasible problem for lattice to tackle
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